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Cell culture and tissue culture methods have proved useful in toxicology both for detecting the toxic effect of substances and for studying the mechanism of the effect . A multitude of different cell and tissue culture systems are in use in laboratories all over the world (Rofe 1971, Worden 197~) .
Some mushroom toxins are well known in their chemi cal structures and occurrence in different species, but information is lacking about the toxic substances of a great number of species found toxic only in some cases.
The purpose of this work was to study l) whether the cell culture method is useful for the detection of toxic substances in mus.hrooms; 2) whether there are toxicity differences among samples from a single mushroom ; 3) how toxicities found by cell culture method compare ·with the known toxicity of different rrrushrooms.
Material and methods

Preparation of mushroom material
The stipe was removed and a sector weighing 1-3 g was cut from the fresh pileus. Small caps were used whole, and the caps of 2 to 4 very small mushrooms were occasionally put together to give sufficient material. The sample sizes of the dried mushrooms were 200 to i 000 mg. The fresh or dried sample material was cut into small pieces or ground in a mortar . Two ml of water was added and the sample was kept for two hours at +~° C; thereafter it was centrifuged at 3 200 r/min for 20 min. The clear supernatant was filtered through a Millipore filter (pore size 0 0.22 ~m) before being st udied in U-cell cultures.
U-cell toxicity test
The U-cell1=; (U-4, Orion, originating from human anmion) had been cultured as a continuous cell line in the laboratory . Tests were carried out in small plastic Petri dishes (2 em 0). For each test 2.5 ml of U-cell suspension mixed with Eagle's minimum essent i al medium containing 10% calf serum, 0.03% glutamine, 100 I . U./ ml of penicillin, and 100 ~g/ml of streptomycin was added to 0 . 1 ml of sterile sample of mushroom extract . The samples were checked after 24 and ~8 hours . Often all the cells died within 24 hours. Samples which caused clear degeneration of the cells within 2Q hours regarded as toxic.
Feeding experiment on mice
Amanita musoa:ria: Fourteen samples of A. muscaria were proved non-toxic to U-cells . The dried mater i al serving as the source of these samples was fed to groups of ten mice at either 10% or 30% concentrat i on in feed during a four-week period.
Cortinarius speciosissimus : The dried mushroom, source of the one sample of C. speciosissimus proving toxic to U-cells was fed to two mice at about 20% concentration in feed.
Results
Cell toxicity test
The results obtained with the U-cell toxicity test are shown i n Table s 1 and 2 .
. Feeding experiment on mice
A. muscaria : During the first days of the experiment the mice fed with 30% of A . muscaria ate little and were in poor condition. At the end of the four-week expe;iment all the mice were well and no macroscopical or histological changes were found. 
Reference toxins
DL -mu s carine chloride (Sigma) and gyromi trin (synthetic)
were teste d as reference toxins. They were found toxic to U-cells, under the conditions used, at concentrations of 0.1 mg/ml and 5 mg/ml, respectively. The known mushroom toxins can be divided into the following groups : l) cell toxins (amatoxins, phallotoxins, gyromitrin, orellanin); 2) nerve toxins (muscarine, muscimol, muscazon, iboten acid, bufotein, psilocybin, psilocin); 3) ga strointestine irritants (chemically unknown); and 4) toxins with a disulfarim-type effect when used together with alcohol (Gulden & Schumacher 1977) .
The substances of the first group are either toxic to the cell nucleus or are protoplasma or membrane toxins . This type of toxin can usually be detected in cell culture systems. Theoretically, toxins of the second group should not be detectable in cell culture systems. The reference sample of muscarine, which as a parasympathetic stimulant falls in group 2, was neverth~les s found to be toxic to the U-cell system used. Possibly some other effect of muscarine is expressed in its toxic effect on U-cells.
The raw extract used contains, in dissolved or suspended from, a great number of compounds. Quite possibly some of the compounds inhibit the growth of U-cells without being mushroom toxins in the ordinary sense. On the other hand, the major ity of the raw extract samples tested were without toxic effect. No quantitative measurements were made of the toxic ity in different samples. It was clear, however, that whereas some samples had only slight toxic effect on U-cells, other s caused the death of U-cells within a few hours.
A most surprising results is that oample s both toxic and non-toxic to U-cells we re found within one species. There are reports that the toxicity of mushrooms within one species may vary, but comrehensive s tudies on this subject are few (Tyler et al. 1966 , Faul s tich et al. 1973 .
With mycotoxins it tends to be the rule that the toxin-producing capacity among different strains of a fungus species va ries great ly f rom non-toxic to highly toxic.
Generally the results of the U-cell tests are in agreement with the known toxicity of the species in que s tion if one assumes that some non-toxic strains and sample s are to be found in species designated as toxic.
There are, however, some other striking differences when the results from the U-cell toxicity tests are considered against the common classification into edible and toxic mushrooms. Some samples of Boletus edulis, Albatrellus ovinus and ArmillaPiella mellea~ for example, are found toxic to U-cells. There are reported indications that A. melle~ (Boespflug 1974) and A. ovinus ( Prin 197 Meilhac found in edible and toxic mushrooms is worth emphasizing. They go on to suggest that sma ll amount s of amatoxins "representing the norm 11 , may be e~sential for the normal development of Basidiomycetes, while the deadly toxic species represent an overproduction of these compounds.
Muscarin and gyromitrin, used as reference toxins in this study, were ·bath found toxic to U-cells. Both amanitin and phallotoxin have b~en reported to inhibit RNA synthesis in several cell lines (Fiume 1967, Foa -Thomasi et al. 19 76) . Probably other mushroom toxins a s well c ould be detected by cell culture methods.
Those mushroom samples of A. muscaria and C. speciosis oimus that were tested by both animal e~ri ment a nd U-cell method gave parallel r e sults with respect to oxicity.
At the present stage of knowledge the cell culture method c a nnot be recommended as a sufficient basis for deciding whether a mushroom is toxic or not. But the high sensitivit y and the possibility of testing small samples suggest the potential of the method for s ome studies on mushroom toxicit y .
In particular, the present results raise interesting questions about the quantitative va riation of toxins in mushrooms of the same species.
